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Introduction
For some years, debate has raged in the economic geography and regional policy literature around the role of industry clusters in advancing key economic goals related to innovation, productivity, employment and GDP growth. The promotion of industry clusters has become a part of the industrial-policy arsenal for policymakers in several advanced economies, notably the European Union. For emerging economies, clusters can be appealing because of their potential role in helping economies move up the value chain while also narrowing significant regional economic disparities in GDP and employment.
With the notable exceptions of Silicon Valley and some other well-known clusters, however, the empirical evidence relating to the economic impact of clusters is relatively sparse. Little distinction is made between different types of clusters, for example, pure industry clusters as opposed to those centered on knowledge networks. Moreover, there is a scant evidence relating to the impact of clusters compared with other instruments for promoting regional productivity and innovation such as investment in research and development (R & D) .
In this paper, we set out to explore the impact of clusters on labor productivity. We focus on productivity because it is an important variable in advancing GDP growth and in raising living standards; it is also critical to addressing significant regional economic disparities in China, particularly between coastal and inland regions.
We examine the productivity effects of clusters in a specific industry vital to China's future economic growth: the software industry. This is a key sector underpinning the hard-won economic success the country currently enjoys, enabling businesses to innovate more readily and increase their competitiveness in world markets. Defined as the business of developing and publishing software and related services, the sector plays a crucial role in China's strategy to move up the value chain.
Given its central role in powering China's future, the industry is growing rapidly. It reached 2.5 trillion RMB last year, with year-on-year growth of 28.5%, according to the Ministry of Industry and Information Technology of China [1] . Moreover, software is one of the key fields that the Chinese government is promoting in the 12 th 5-year plan for economic development [2] .
Significant regional disparities exist in the development of China's software industry. For example, in 2012, software industry revenue in Beijing was 361,209 million RMB, while Ningxia province, which is one of the least developed regions, generated just 635 million RMB [3] . What's more, software revenues in the country's 15 major cities contributed fully 55% of the national total [4] . Closing this gap represents a major challenge for China.
Because innovation seemingly breeds innovation, technology firms often appear to thrive around peers. The successes of Silicon Valley in the United States and Zhongguancun Science Park in China are well-known examples of this phenomenon. Recently, China's Ministry of Science and Technology formulated plans to accelerate the development of national high-tech parks [5] . The obvious question raised by these plans involves the actual impact that clusters have on productivity, especially in the software industry.
To answer it, we employed a panel-based econometric approach to investigate the impact of clusters on productivity relative to the influence of other factors, such as R & D investment. Our findings shed light on the key levers available to policy makers and business strategists looking to stimulate productivity growth.
Existing Theory and Evidence on the Productivity Effects of Clusters
The idea of clusters is not new. Marshall (1920) introduced the concept of "agglomeration economies." He suggested that they could help companies reduce three types of transport costs, namely those associated with moving goods, people and ideas [6] . More recently, Porter (2000) defined clusters as geographic concentrations of interconnected companies. He argued that the prevalence of clusters reveals important insights about the microeconomics of competition and the role of location in competitive advantage [7] . While trends supporting globalization, increased mobility and ubiquitous communication appear to have diminished the traditional role that "economic geography" plays, Porter claimed that the competitive influence of clusters continues to grow. Clusters can enhance productivity in several ways. They provide improved access to specialized inputs and workers and better information, as well as increased "complementarities" (the benefits of offering complementary products and marketing and aligning activities among cluster participates more advantageously). They also typically deliver better access to institutions, public goods and infrastructure; provide greater incentives for achieving high productivity; and increase the ease with which companies can measure the performance of in-house activities. Clusters allow firms to raise their current efficiency levels by getting closer to the "productivity frontier [8] ".
Dayasindhu [2001] noted that "embeddedness" and knowledge transfer are key elements of industry clusters that lead to global competitiveness. In this case, embeddedness means the extent to which industry relationships and the structure of the overall network of social relationships affect economic behavior. Industry clusters can help companies that are moving up the value chain by offering sophisticated services and products no one single organization could have developed alone [9] .
Zhou and Xin [2003] revealed that in advanced countries, technology hubs play a crucial role in accumulating and sharing knowledge. In emerging markets, in contrast, clusters appear to improve the learning capacity of local firms due to the presence of other allied enterprises and related research and development facilities. When analyzing the development of Zhongguancun in Beijing, the authors argued that the cluster owes its unique position in China to the concentration of research institutions and universities, the presence of local research facilities, a mobile labor force and a rewarding environment [10] .
However, researchers disagree on the extent of the positive impact that clustering has on productivity. One argument holds that two forms of organizational interdependence occur within communities: mutualism and competition. Mutualism exists because multiple technology communities can benefit from their interdependence through knowledge spillover, learning effects and the creation of a technology "commons" of infrastructure, standards and skilled labor. Nevertheless, competition also increases when closely located firms battle for finite resources such as technology entrepreneurs, scientists, engineers, technology project managers and venture capitalists. All of these are in short supply in China. Based on data from China's national technology development zones from 1988 to 2000, researchers identified an inverted U-shaped relationship between regional community density and growth (measured in terms of sales revenue growth rates) [11] .
A contrary view involves Wang and Lin's [2008] research regarding the geographical distribution of China's information and communications technology (ICT) industry. The analysis found no significant relationship between clustering (measured in terms of employment location quotient 1 ) and economic performance (labor productivity and capital profitability) [12] . This finding contradicts the expectation that cluster effects lead to high productivity.
The existing research provides some clues as to the relationship between clusters and productivity in China's technology industry. However, most studies focused on the broader ICT sector while relatively little research concentrated on the software industry. Moreover, much of the research that does exist involves case studies and overlooks important issues such as time-and regionspecific effects.
To gain a clearer picture of the impact clusters have on the productivity of China's software industry, we developed a research model capable of providing new insights regarding this issue. We used a fixed-effects econometric approach to disentangle the influence of clusters from other factors that could potentially affect productivity performance, such as R & D investment and broader regional characteristics. In addition, our research looked at two types of clusters: company clusters and knowledge clusters that include educational institutions.
Model
The model analyzes data from 2007 to 2011 across 29 provinces in mainland China [13] (except Xizang and Qinghai) and fixed two types of effects: time (years) and regions (provinces). This approach controls for the impact from time-specific effects (such as natural disasters and financial crises occasionally occurring in any particular year) and unquantifiable regional factors (such as infrastructure, quality of human capital, policy environment and government efficiency in a particular region). As a result, the model can more easily isolate the specific impact of factors such as industry clustering and R & D investment in driving productivity differences.
Variables
In constructing the model, we selected the most suitable dependent, independent and dummy variables that would provide the clarity and granularity the study required. Dependent variable The model uses value-added per employee as the dependent variable to measure labor productivity because it reflects the effectiveness and efficiency of labor in the production and sale of output [14] .
Independent variables For independent variables, we defined the drivers of productivity in terms of three categories: 1) Cluster effects.
2) Economic development 3) Research and development (R & D) intensity. We will examine each independent variable in detail in the following sections.
Dummy variable In addition, the model employs a dummy variable to capture differences in productivity between coastal and non-coastal regions (see Table 1 ). In China, coastal provinces feature higher levels of development than non- coastal provinces in many aspects. In a research paper published in 1997, Belthon M. Fleisher and Jian Chen found that coastal provinces had total factor productivity rates that were roughly twice as large as those in nonoastal areas. They estimated that higher education spending and foreign direct investment helped explain the productivity gap [15] . More recently, a study based on data collected from the first national economic census (2004) covering China's ICT sector revealed that manufacturing in these industries has a strong tendency to agglomerate in several eastern coastal areas [16] . We tested for interaction effects between the coastal dummy variables and each of the four independent variables. As a result, we can examine whether the independent variables in coastal provinces would have a different impact on productivity compared to their effect in non-coastal provinces. To test this idea, we defined two variables to represent two types of cluster effects: density of firms and density of educational institutions. Density of firms is the ratio of the number of software firms in a province to the number of top-tier cities in that province (see Table 2 ). Similarly, density of educational institutions is the ratio of the number of colleges and universities in a province to the number of top-tier cities in that province.
Rather than using a measure of area such as square kilometers as the denominator, we chose the number of top-tier cities in a province. Our research revealed that in a number of cases, using area as the denominator dilutes the value of density because some provinces have very large rural areas where technology firms rarely locate. In practice, technology firms largely gravitate to top-tier cities.
In the software industry, knowledge spillovers help firms explore growth opportunities beyond the company level. In respect to local governments, they often design policies to provide local players with competitive advantages in terms of capital or access to R & D facilities. For example, Zhongguancun has introduced a series of talent attraction policies to support the development of the technical cluster [17] . Moreover, software companies benefit from the efficiency and ease of hiring highly skilled scientists and engineers from local colleges and universities. Students are encouraged to enroll with colleges and universities located close to firms because doing so gives them better access to job opportunities after graduation. As a result, educational institutions and software firms link inter-penetratively. Therefore, we expect both density of firms and density of educational institutions to have positive impacts on productivity.
Economic Development
Hypothesis 2: GDP per capita has a significantly positive impact on productivity. Gross domestic product per capita (GDP per capita) is an important macro-factor when it comes to distinguishing relative economic performance across regions. Generally, we would expect productivity levels to drive GDP per capita, not the reverse. However, GDP per capita also reflects other factors (such as the quality of the institutional environment, human capital endowments and the ability to attract skilled migrants) that could in theory influence productivity levels. We thus use GDP per capita as a proxy to test for the presence of these development effects on productivity levels across regions. The Economist magazine compared China's GDP per capita by province in 2010 and concluded that huge regional gaps existed [18] . Give this economic disparity, it is important to test the degree to which it could influence productivity performance. We argue that R & D expense-to-worker ratio is a better indicator. First, it is more focused on the output of product or process innovation-more resources associated with each staffer in the R & D function typically engenders greater opportunities to boost productivity. Second, the greater product or process innovation from the R & D function is highly likely to stimulate productivity growth firm wide. Third, using another metric such as R & D-to-sales ratio would result in "simultaneity" (i.e., one or more of the independent variables is jointly determined with the dependent variable) in our model, causing the dependent variable (value-added per employee) and the independent variable (R & D-to-sales ratio) to influence each other because they both use revenue as a factor.
Research and Development Intensity

Correlation Test
We performed a correlation test on the four independent variables to determine whether multicollinearity (a statistical phenomenon where two or more explanatory variables correlate strongly with each other, which can affect the accuracy of some results) exists in our regression model. The results show that none of the pairs is strongly correlated (no multicollinearity), so the estimated parameters in our model should be reasonably robust. (See Table 3) 
Model Specification
The model is specified as follows:
Model Results
We found that four out of nine independent variables were statistically significant in explaining the variation in productivity. All of these estimated parameters are significant at 1% significance level (see Table 4 ).
Ln ( 
Interpreting the Model Results
The estimated model provides an insight into the key determinants of productivity differences in China's software industry.
Hypothesis 1: Cluster effects have a significantly positive impact on productivity.
Density of Firms
A one percent increase in the density of firms leads to a 0.10 percent increase in productivity. This tells us that the greater the density of software firms in a region, the higher the productivity in that region. The result confirms our expectation of the positive impact on productivity from clusters of firms.
Density of Educational Institutions
In coastal provinces, the density of educational institutions significantly influences firms' productivity: a one percent increase in the density of educational institutions in coastal provinces leads to a 0.29 percent increase in productivity. However, we did not find such an effect for non-coastal regions. We noticed that the average density of educational institutions in non-coastal provinces is broadly similar to that of coastal provinces (37.53 versus 36.55). Given similar densities, the different impact on productivity may reflect differences in the quality of educational institutions. In China, large numbers of wellknown universities are in coastal provinces, especially for science and engineering disciplines. The proximity to prestigious colleges and universities helps firms reach highly capable workers easier and faster.
Hypothesis 2: GDP per capita has a significantly positive impact on productivity.
We hypothesized that GDP per capita was a proxy for economic development and other factors such as institutional quality and human capital endowments and as a result could have a positive impact on productivity growth. However, the coefficient on GDP per capita was not significant (the p-value is 0.55). The effect of GDP per capita on productivity might have been diluted as we fixed the effect of provinces in the model.
Hypothesis 3: R & D expense per worker has a significantly positive impact on productivity.
Across all provinces, a one percent increase in R & D expense per worker leads to a 0.22 percent increase in productivity. The result is consistent with our expectation: the more investment in R & D, the higher productivity in return.
However, in coastal provinces, we noticed a drag effect of the change in R & D inputs relative to the change in productivity. A one percent increase in R&D expense per worker does not lead to a 0.22 percent rise in productivity, but a rather smaller response of 0.06 percent: there is a negative drag effect of 0.16 percent from the interactive term of the coastal dummy with R & D investment. Two things could account for this: first, labor costs and various fixed costs are significantly higher in coastal provinces than in non-coastal provinces, which may offset the rise in productivity from R & D investment. Second, as the level of investment is already reaching full capacity in coastal provinces, there may be diminishing marginal returns to the additional R & D investment.
Implications
As China seeks to rebalance its economy toward a sustainable economic growth model, the role of domestic demand-led growth is becoming more important. Cheap labor no longer drives economic growth. The International Labour Organization has found that real average wages in China more than tripled over the decade from 2000 to 2010 [19] . Consequently, finding ways to in- 2) The insignificant independent variables are not included in the table, otherwise the value of "Estimate" and "t-value" would be biased.
crease labor productivity has become an important issue for decision-makers in China. In fact, China set a target of a 10 percent increase in overall labor productivity, according to the Industrial Restructuring and Upgrading Plan (2011-2015) [20] .
Our research confirms the important role clusters play in driving productivity in China's software industry. It highlights in particular four practical considerations for policy makers and business leaders.
1) Software firms will benefit by locating in regions with a greater density of other firms in the same industry
Our research has shown that the clustering of similar firms in the software industry has a positive impact on productivity. Players benefit from the knowledge spillover and the improved learning capabilities that result from having other companies located nearby. This insight explains in part the phenomenon of China's highly concentrated software industry.
2) Coastal and non-coastal regions have the same degree of productivity growth potential associated with the cluster effect of firms Observers often claim that coastal regions have greater growth potential in returns per unit of investment compared to non-coastal areas, and as a result, large investments from government and private institutions have flowed into these regions.
This observation is borne out by data on value-added per employee in the software industry. The actual average value-added per employee in coastal regions was 56.31 thousand RMB higher than in non-coastal regions (see Table 5 ). However, our model finds no difference between coastal and non-coastal regions in terms of the impact on productivity from investing in clusters of firms. A one percent increase in the density of firms will increase productivity in coastal and non-coastal regions by the same degree. The difference in observed productivity levels actually reflects differences in the average density of firms: the average density of firms in coastal regions is more than four times higher than in non-coastal regions. Thus, to close the gap in productivity, policy makers and business leaders should seek to stimulate the growth of more clusters of firms in non-coastal regions.
3 its elasticity of 0.10) may be a safer and higher return strategy for coastal regions. For non-coastal regions, investment in R & D may be a higher return strategy (0.22 versus 0.10) as the negative coastal drag effect does not apply.
4) Educational clusters can play a productivity-enhancing role
Our research found that the densities of educational institutions in coastal and non-coastal provinces are not very different. However, in coastal regions, clusters of educational institutions have significantly greater impact on productivity compared to the density of firms or R & D investment (0.29 versus 0.10 and 0.06, respectively). Consequently, investing in education in coastal regions is the most effective way to stimulate productivity growth if the institutions maintain their quality levels overtime. For non-coastal regions, the impact of educational clusters is not statistically significant, although the average density of colleges and universities is slightly higher. This may point to issues surrounding the quality of local educational institutions.
Conclusion
Our research represents a first step in understanding the impact of clusters in driving regional differences in productivity growth in one key industry-software-that will play a critical role in driving China's future economic growth. Researchers can apply the same approach to other industries to test if similar effects hold. A better understanding of cluster effects on productivity can assist China's economic growth by giving policy makers deeper insights into the effectiveness of different levers in closing regional productivity gaps. It can also help business leaders make better decisions regarding their innovation activities.
